Abstract-This research studied the extraction of the natural dye from two different types of tamarind seed viz. sour-tamarind seed (TF) and sweet-tamarind seed (TO). The extracted dye solutions were prepared into a powder form and subsequently used for dyeing cotton and Bombyx Mori silk and Eri silk fabrics. From the experiment, the TF dye powder was easier soluble in water and could render a higher color strength than the TO dye powder. It was found for the tamarind-seed dyes that they could better exhausted on the silk fabrics than the cotton. Between the two silk fabrics, the dyes illustrated a higher degree of exhaustion on Bombyx Mori silk fabric than the Eri counterpart. The tamarind-seed dyes provide a reddish brown shade on the fabrics. This reddish brown shade could be altered when the dyed fabrics were put through the washing process. After washing, the shade of the dyed fabrics was more intense. The color fastness to washing of the dyed fabrics was in a good-excellent level. Even after experiencing 5-time washing, no significant shade change was observed on the dyed fabrics. The effect of mordants on the dyed fabrics was studied using three different mordants which were ZnSo 4 , K 2 Cr 2 O 7 and FeSo 4 . The ZnSo 4 mordant was found to enhance the color fastness to washing to the dyed fabrics without causing any shade change, while using K 2 Cr 2 O 7 as a mordant led to a shade alteration into a yellow brown but helped to stabilize the dye molecule, so such shade obtained was not sensitive to the washing condition. For the FeSo 4 mordant, it also caused the shade change on the dyed fabrics to a dull grey shade but providing an excellent color fastness to washing.
Khuntee and Prakaithong types while the sour tamarind found are Fukto and Srisaket 019 types [1] . Tamarind seed composes of about 70% kernel and 30% seed husk. The tamarind kernel comprises mainly tamarind gum which possesses viscous characteristics and being capable of forming gel, thus it can also be applied to use as a rheology modifier in food products. In addition, it can be used as an adhesive in paper industry and sizing agent in textile processing [2] , [3] .
In textile dyeing industry, most of the dyes employed are the synthetic azo dyes of which the azo bond cleavage brings about aromatic amines that may be harmful to human health and environment [4] . Nowadays, a great awareness on the impacts of toxic chemicals on the environment and human health has turned down the use of synthetic chemicals and in this circumstance, a higher demand is put towards the greener alternative substances [5] . For this reason, natural dyes are among the promising options for developing a greener textile dyeing process. However, the major drawback of the natural dyed-textiles is their poor color fastnesses to light and washing [6] . Incorporation of the mordants in natural dyeing can help to improve such inferior properties and at the same time, provides a wide variety of shades of natural dyes obtained on the same textiles substrates [7] .
In our previous work [8] , the extracted tamarind kernel which composes mainly of the hetero-polysaccharide compound, xyloglucan, was studied to use as a thickener for pigment printing on cotton fabric. The results found that the prepared tamarind gum had desired thickening properties for textile printing, providing color yield and rubbing fastness of the print comparable to those of the commercial synthetic thickener printing. Apart from the kernel, the reddish brown solution was also obtained from the tamarind seed extraction. Prabhu and Teli [2] studied on the extraction of tannin from the boiled tamarind seed solution and utilized it as a biomordant being used together with the metal mordant in natural dyeing of turmeric and pomegranate rind on cotton, silk and wool fabrics. It was reported that tannins could improve the color yield and color fastness properties on the mordant-dyed fabrics. Furthermore, it also rendered antibacterial properties against Staphylococcus and Escherichia coli. The current research concerns the preparation of a reddish brown dye powder from 2 different types of tamarind seed (Sweet tamarind and Sour tamarind) with the aim to facilitate the tamarind dye uses and to encourage the green substitution of the synthetic dyes to reduce environment problem. The dyeing properties of the tamarind-seed dye on cotton, Bombyx Mori silk and Eri silk fabrics were investigated. The % dye exhaustion, color strength and color fastness to washing of the dyed fabrics were examined. The effect of the mordants employed in the dyeing with the tamarind-seed dye was also studied.
II. MATERIALS AND METHOD

A. Materials
Tamarind seed were supplied from local market in Thailand. Sweet tamarind seeds (TO) and Sour tamarind seeds (TF) were used in this research, as shown in Fig 1 
B. Extraction of the Natural Dye from the Tamarind Seed
Extraction of two different types of tamarind seed, sweet tamarind seed (TO) and sour tamarind seed (TF), was carried out by boiling the seeds in water until the seed husk got separated from the kernel. The reddish-brown extracted solution was left standing overnight to allow precipitation of the suspended insoluble portion. The solution part was filtered and subsequently taken to evaporate water out using a rotary evaporator. The obtained reddish brown dye was later oven-dried and ground into a fine powder with the particle size of approximately 150 µm.
C. Dyeing of the Cotton and Silk Fabrics with the Tamarind-Seed Dyes
The dye powder extracted from the tamarind seed husk was taken to study its dyeability on cotton, Bombyx Mori and Eri silk fabrics at the applied concentrations of 1, 3, 5, 7, 10 and 12%owf at a liquor ratio of 20:1. Sodium sulfate with the concentration of 5 g/l was used a dyeing auxiliary. The dyeing process was performed at 85 o C for 90 minutes. After that, the dyed fabrics was rinsed with water and dried at room temperature. The % dye exhaustion was calculated from the absorbance of the dye solution before and after dyeing as depicted in equation (1).
where A o is the absorbance at 500 nm of the dye solution before dyeing. A 1 is the absorbance at 500 nm of the dye solution after dyeing.
D. Fixation of the Dye on the Fabrics with Mordants
Investigation of the influence of the mordants on the shade and color fastness of each dyed fabrics was carried out by dyeing the fabrics with the tamarind-seed dye at 10%owf and 5 g/l sodium sulfate salt was added. The fabrics were dyed at a liquor ratio of 20:1 at 85 o C for 90 minutes. The after-treatment process of the dyed fabrics with the mordants, viz. ZnSO 4 .7H 2 O, K 2 Cr 2 O 7 and FeSO 4 .7H 2 O, was performed at 3 g/l mordant at 85 o C for 30 minutes and the fabrics were then rinsed with water and dried at room temperature.
E. Testing the properties of the dyed fabrics
The shade and the color yield of the dyed fabrics were measured with Mcbeth ColorEye 7000 spectrophotometer. The color fastness to washing was determined according to ISO-105-C01 standard [9] .
III. RESULTS AND DISCUSSION
A. Composition of the Tamarind Seeds
By boiling the two different tamarind seeds in water, it was observed that the tamarind contained 2 major components which were the seed husk and the kernel. From our previous work, it was found that these two types of tamarind seed had a slightly different extent of the husk and the kernel components [8] . The dye powder which was to be used for dyeing the cotton and silk fabrics, was the soluble part accounting for about 55% by weight of both tamarind seed husks. The extracted dye achieved was a fine reddish brown powder. The dye powder derived from the sour tamarind seed was easier dissolved in water and attaining a clearer dye solution than that obtained from the sweet tamarind seed. The absorbance at the wavelength of 500 nm of the dye solutions at the same concentration was different. The light absorption of the dye solution from sweet tamarind seed was lower than that of the sour tamarind seed, indicating a less color strength and/or larger amount of water-soluble impurities present in the solution prepared from the TO dye. The condensed tannins which are a polyphenolic compound was reported to be presented in the solution of the tamarind-seed dye [2] , [10] . 
B. Dyeing of the Tamarind-seed Dyes on the Cotton and Silk Fabrics
The degree of dye exhaustion is shown in Fig 2. The dye exhausted very well onto silk with the % exhaustion being higher than that on cotton. This can be explained by a better water absorption of silk and a more functional groups present in the structure of silk as compared with cotton. More positive charges on silk rendered a dye-binding capacity and higher dye-fiber bonding on silk fabrics. Both Bombyx Mori and Eri silk exhibited a higher color yield of the tamarind-seed dye than cotton (Fig 3) . In addition, the higher exhaustion percentage was achieved for the case of TO dye both on the cotton and silk fabrics comparing with that of the TF dye. From Fig. 3 , it was found that the fabrics dyed with the TF dye provided a higher visual color yield than the TO dyes, especially on silk. This indicates that the TF dye better dyed and bonded strongly to the fiber comparing with the TO dye. Furthermore, the TF dye was more soluble in water as compared with the TO dye, thus, the TF dye is more suited for dyeing on cotton and silk fabrics. The color yields attained on the cotton and silk fabrics dyed with the tamarind-seed dyes are shown in Fig 3. When the amount of applied dye increased, the color yield was increased, in particular on both Bombyx Mori and Eri silks, and the color properties of the dyed fabrics also changed with the amount of dye employed. The lightness (L*) was lowered, while a* and b* was increased. The tamarind dye derived from different tamarind seed types rendered a different shade on the fabrics. The fabrics that had been through the dyeing process with the TF dye were darker (lower L*), redder, yellower and more intense in shade as compared with those dyed with TO dye. The dyeability of the tamarind-seed dye on the silk fabrics was superior to that on the cotton fabric. Between the two silk fabrics, the Eri silk was better dyeable than Bonbyx Mori silk because the loose, thick yarns with less twists provided a better water absorption and easier accessibility of the dye on Eri silk comparing with Bombyx Mori counterpart.
C. Effect of Mordants
Mordants or metal salts used as a fixing agent for dyeing affected the shade and the color fastness properties of the dyes. In this study, three different types of mordants were chosen for the investigation of their influence on the dyeing properties of tamarind-seed dyes. The effect of the mordants on the color properties of the cotton and silk fabrics dyed with the tamarind-seed dyes at 10%owf is shown in Table I .
It was observed from Table I that the fabrics dyed with the tamarind-seed dyes and aftertreated with different mordants exhibited higher color yields, especially in the case of ferrous sulfate, comparing with the fabrics without mordant. As the mordant is a metal salt compound, it can attract the dye molecules and form a complex structure with the dyes. As a result, the dyes are generally more strongly fixed on the fabrics. Therefore, the dyed fabrics which have been through mordanting process, normally have better fixation on the fabric. The shade obtained on the fabric changed with the mordant used. Samanta [11] reported that using ferrous sulfate as a mordant for natural dye fixation caused a shade change to be darker and mordanting with chromate brought about a change of shade to be brighter. The results on mordanting the dyed fabrics with FeSO 4 showed a duller grey shade. The dyed fabrics treated with K 2 Cr 2 O 7 appeared more yellow (b* increased), the shade on the fabrics then turned to yellowish brown comparing with those without mordant. Virtually no change of shade was observed for the case of ZnSo 4 and evenmore, its color fastness to washing was good, no staining being found on cotton fiber in the multifiber adjacent fabric (Table II) .
D. Wash fastness of the dyed fabrics
The color fastness to washing of the dyed fabrics treated with different mordants is depicted in Table II . The results demonstrated that the fabrics dyed with the tamarind-seed dyes solely exhibited a good-very good fastness to washing. After 1 wash, a subtle staining was found on cotton and after 5 washes, there was no staining was observed. It elucidated that the tamarind-seed dye were attached firmly on the cotton and silk fibers, especially Bombyx Mori silk dyed with the TF dye. Furthermore, fixing the dyes with mordants helped to strengthen the dye-fiber bonding, therefore, the wash fastness properties obtained were excellent.
In addition, it was observed that the washing conditions used in the color fastness testing also caused shade change on the dyed fabrics both with/without mordant. More intense shade was developed after the fabric was brought to the fastness testing. This may be due to the instability of the dye molecules, resulting in a change in shade and color strength on the fabrics once the dyes were exposed to the conditions employed in the fastness testing. The dye molecules may be sensitive to alkalinity of the detergent solution at 40 o C. A change in the dye structure was then a reason for the increase in color depth on the fabrics. Mordanting the dye with K 2 Cr 2 O 7 may enhance the structural stability to the dye molecule, therefore, the shade of the K 2 Cr 2 O 7 -fixed dye did not change after wash testing process. The FeSO 4 -treated fabrics which were deep grey, exhibited a brighter reddish brown shade after washing. This may be explained by the loss of FeSO 4 from the fabric during washing, the less amount of the FeSO 4 mordant on the fabric resulted in a less fixation of the dye and shade changed. From the results, it was found that the color fastness to washing of the tamarind-seed dyes was in a good-excellent level on the cotton and silk fabrics. Even passing through 5 washes, they could still retain their color strength, no color fading was observed. Even more, the shade of the dyes was brighter.
IV. CONCLUSION
By simply boiling the tamarind seed in water, the water-soluble dye could be isolated and later used to dye the cotton and silk fabrics. The results generated in this research show a promising potential of the tamarind-seed dye to be applied practically in the craft industry where the uniqueness of the products is exploited. Preparation of the tamarind-seed dye into the powder form makes it more convenient for uses and the quality control on the shade obtained could be done more easily comparing with the solution dye. However, as the molecular structure of the tamarind-seed dye is rather unstable, the washing process may cause a shade variation more or less depending the washing conditions and the types of mordant employed in the dyeing. The study could be further investigated as to which parameters affect these properties of the dye and the way of improvement could be figured out and developed so as to encourage the utilization of this dye as a natural dye for the textile industry.
